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ABSTRACT  A new coordination polymer [Zn3(bpda)3(bpy)] 1 (H2bpda = 2,2΄-biphenyldicar- 
boxylic acid, bpy = 4,4΄-bipyridien) has been hydrothermally synthesized and characterized by 
single-crystal X-ray diffraction analysis, elemental analysis, TG analysis and IR spectrum. 1 
Crystallizes in cubic crystal system, space group 3Ia , with a = 20.9687(9) Å, V = 9219.7(3) Å3, Z = 
8, and R(I > 2σ(I)) = 0.0431. Complex 1 is a three-dimensional framework involving a new building 
block, linear trinuclear {Zn3(CO2)6N2} cluster. In the structure, each bpda coordinates to four zinc 
atoms via its two bridging bidentate carboxylate groups. To the best of our knowledge, 1 implies a 
new coordination mode of 2,2΄-biphenyldicarboxylic acid. The solid state fluorescent spectra show a 
strong emission peak at 451 nm (λex = 341 nm). 
Keywords: zinc, coordination polymer, 4,4΄-bipyridine, 2,2΄-biphenyldicarboxylic acid 
 
1  INTRODUCTION 
 
Increasing attention has been paid to coordination 
polymers due to their potential applications as func- 
tional materials and their intriguing various architec- 
tures[1~4]. In the design of a desired coordination 
polymer, the combination of metal center and mixed 
bridging ligands has been proved to be a crucial way 
because it not only produces diverse infinite frame- 
works with interesting properties, but also makes the 
assembly process more controllable than a singe 
ligand[5~7]. A number of fascinating mixed ligand 
coordination polymers have been formed with multi- 
dimensional architectures, and some of them exhibit 
special properties, such as gas adsorption and sto- 
rage, ion exchange and catalysis[8~11]. 
2,2΄-Biphenyldicarboxylic acid (bpda) is one of 
the candidates used as a ligand in such coordination 
polymers due to the following three features: (1) In 
H2dpda, two carboxylate groups can coordinate with 
metal ions via multi-coordinate ways (Scheme 1) to 
form a series of coordination polymers bearing dif- 
ferent structures and interesting topologies and pro- 
perties[12~16]; (2) Two phenyl rings of bpda are tilted 
with each other because of the steric hindrance of 
two carboxylate groups; (3) The relative positions of 
two carboxylate groups are directly dependent on the 
tilted angle of two phenyl rings which give rise to 
more flexible chemistry of bpda ligand. A series of 
coordination polymers with bpda ligand have been 
reported, most of which exhibit low dimensional 
architectures, even though the utilized metal atoms 
like Cd and Cu tend to adopt octahedral or much 
higher symmetry coordination spheres[12~16]. Thus,  
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we selected zinc ion to assemble with the bpda 
ligand because zinc atom with d10 electron con- 
figuration can produce a variety of complexes pos- 
sessing a charming prospect in photoluminescent 
and second-order nonlinear (NLO) materials usa- 
ge[17~19]. Herein, we report a new coordination poly- 
mer [Zn3(bpda)3(bpy)] involving a new coordination 




Scheme 1.  Schematic representation of the coordination modes  
of bpda ligand reported in reference and in this work (Mode (c) for 1) 
 
2  EXPERIMENTAL 
 
2. 1  Materials and methods 
Zn(NO3)2⋅6H2O, Na2SiO3⋅9H2O, 1,1΄-biphenyl-2.2΄- 
dicarboxylic acid (H2bpda) and 4,4΄-bipyridine (bpy) 
were purchased from AlfaAesar. All reagents and 
solvents were of analytical grade and used as recei- 
ved. Infrared spectra were recorded on a Nicolet 
FT-IR360 spectrometer with the sample prepared as 
KBr pellet. Thermal analysis (TG) was performed 
under nitrogen atmosphere at a heating rate of 10 ℃ 
per minute using a NETZSCH STA 449C thermal 
analyzer. Luminescent spectra for the solid sample 
were recorded with an F-4500 FL fluorescence spec- 
trophotometer. Elemental analyses were carried out 
on a vario ELIII CHN elemental analyzer. 
2. 2  Synthesis 
A mixture of Zn(NO3)2⋅6H2O (0.30 g, 1 mmol), 
Na2SiO3⋅9H2O (0.14 g, 0.5 mmol), H2bpda (0.24 g, 1 
mmol), bpy (0.10 g, 0.5 mmol) and H2O (15 mL) 
was sealed in a Teflon-lined autoclave and heated 
under autogenous pressure at 180 ℃ for 3 days. Yel- 
low cubic crystal was obtained. Yield: ca. 45%. Ana- 
lysis calculated for C52H32N2O12Zn3: C, 58.208; H, 
3.01; N, 2.61. Found: C, 57.8; H, 2.92; N, 2.61. IR 
(KBr, cm–1): 3451(w), 3060(w), 1604(s), 1579(s), 
1551(s), 1493(w), 1472(w), 1440(m), 1398(s), 
1285(w), 1223(w), 1157(w), 1103(w), 1075(w), 
1046(w), 1010(w), 955(w), 878(w), 842(w), 815(w), 
774(w), 749(m), 708(m), 680(m), 643(w), 581(w), 
543(w), 518(w), 458(m), 416(w). 
2. 3  Crystal data collection and refinement 
A yellow cubic single crystal with dimensions of 
0.52mm × 0.40mm × 0.35mm was chosen and 
mounted on a Bruker CCD area detector diffracto- 
meter equipped with a graphite-monochromatized  
MoKα radiation (λ = 0.71073 Å) at 298(2) K. A total 
of 51531 reflections including 1927 independent 
ones (Rint = 0.0353) were collected in the range of 
1.94≤θ≤28.37° by using the ϕ and ω scan mode, 
of which 1647 were observed with I > 2σ(I). Data 
reduction and empirical absorption correction based 
on symmetry equivalent reflections were applied 
with SMART and SADABS software packages, 
respectively[20, 21]. The structure was solved by direct 
methods using SHELXLS97[22]. The displacements 
of all non-hydrogen atoms were refined anisotropi- 
cally by full-matrix least-squares techniques on F2 
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with SHELXL97[22]. The C-bound H atoms were 
generated geometrically and constrained with a 
riding model, subject to C–H = 0.93 Å, and their 
displacement parameters were set to 1.2 times those 
of their parent atoms. The final geometrical calcula- 
tion and graphical manipulations were carried out 
with ORTEP II[23]. The final refinement was con- 
verged at R = 0.0431, wR = 0.1159 (w = 1/[σ2(Fo2) + 
(0.0674P)2 + 11.5935P], where P = (Fo2 + 2Fc2)/3), 
(∆/σ)max = 0.001, S = 1.071, (∆ρ)max = 0.578 and 
(∆ρ)min = –0.342 e/Å3. The crystallo- graphic data 
are compiled in Table 1, and the selected bond 
lengths and bond angles are listed in Table 2.  
 
Table 1.  Crystal Data and Structure Refinement for 1  
Empirical formula C52H32N2O12Zn3 
Formula weight 1072.91 
Temperature (K) 298(2) 
Wavelength (Å) 0.71073 
Crystal system Cubic 
Space group 3Ia  
a, b, c (Å) 20.9687(9) 
α, β, γ (˚) 90.00 
Volume (Å3) , Z   9219.7(3), 8 




Goodness-of-fit on F2 1.071 
Final R indices (I > 2σ(I)) R = 0.0431, wR = 0.1159 
R indices (all data) R = 0.0510, wR = 0.1241 
R = Σ||Fo| –|Fc||/Σ|Fo|, wR = {Σw(Fo 2 – Fc2)2/Σ[w(Fo 2)2]}  
 
Table 2.  Selected Bond Lengths (Å) and Bond Angles (°) for 1  
Bond                         Dist.                    Bond                        Dist. 
Zn(1)–N(1) 2.030(4) Zn(2)–O(1)a 2.064(2) 
Zn(1)–O(2) 1.934(2) Zn(2)–O(1)b 2.064(2) 
Zn(1)–O(2)a 1.934(2) Zn(2)–O(1)c 2.064(2) 
Zn(1)–O(2)b 1.934(2) Zn(2)–O(1)d 2.064(2) 
Zn(2)–O(1) 2.064(2) Zn(2)–O(1)e 2.064(2) 
Angle                        (°)                      Angle                        (°) 
O(2)–Zn(1)–O(2)a 117.2(1) O(1)–Zn(2)–O(1)b 180.0(1) 
O(2)–Zn(1)–N(1) 99.7(1) O(1) a –Zn(2)–O(1)b 88.7(1) 
O(1)–Zn(2)–O(1)a 91.3(1)   
Symmetry codes: (a) –y+1/2, –z+1, x+1/2; (b) –x+1/2, –y+1/2, –z+3/2; (c) y, z–1/2, –x+1; (d) –z+1, x, y+1/2; (e) z–1/2, –x+1/2, –y+1 
 
3  RESULTS AND DISCUSSION 
 
3. 1  Crystal structure 
Single-crystal structural analysis reveals that com- 
plex 1 exhibits a three-dimensional framework. As 
depicted in Fig. 1, the fundamental building unit of 1 
is composed of one six-coordinated and two four- 
coordinated zinc atoms, three crystallographically 
equivalent 2,2΄-biphenyldicaboxylates and one 4,4΄- 
bipyridine. Zn(1) atom is coordinated to three oxy- 
gen atoms from three bpda ligands and one nitrogen 
atom from bipyridine forming a distorted tetrahedral 
geometry (Zn(1)–O(2) 1.934(2) Å, Zn(1)–N(1) 
2.030(4) Å). Zn1(A) is equivalent to Zn(1) with 
respect to the inversion symmetry. Zn(2) center 
adopts an octahedral coordination sphere and is 
coordinated to six carboxylate groups from six bpda 
ligands (Zn(2)–O(1) 2.064(2) Å). Each octahedral 
Zn atom is connected with two adjacent tetrahedral 
Zn atoms by sharing one carboxylate group giving 
the nearest distance between two zinc atoms being 
3.556 Å. This connectivity leads to a linear trinuc- 
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lear {Zn3(CO2)6N2} cluster which can be viewed as 
an eight-connected building block. Fig. 2 shows that 
the trinuclear clusters are interconnected through 
biphenyl group of bpda ligands to yield a cuboid 
cavity with dimension of 10.484 Å3. In each cavity, 
there exists one bpy linking two caterconner trinuc- 
lear clusters to result in one-dimensional chains 
{Zn3(CO2)6(bpy)}n (Fig. 3). Since two N atoms of 
the bipyridine ligand lie in a 3-fold rotation axis, the 
bpy itself is disordered around the N⋅⋅⋅N axis. There 
are four {[Zn3(CO2)6]bpy}n chains orientating in 
[111], [-111], [1-11] and [11-1] directions, respec- 
tively. These chains interweaving through the cuboid 
cavities make the whole structure more solidified 
(Fig. 4). To the best of our knowledge, complex 1 
exhibits a new type of coordination mode for bpda. 
Each H2bpda ligand is fully deprotonated and coor- 
dinated to four zinc atoms via its two bridging bi- 
dentate carboxylate groups (Scheme 1(c)). The 
planes of two phenyl rings in bpda are tilted by 58.7° 




Fig. 1.  ORTEP plot of 1 with thermal ellipsoids at 30% probability and non-hydrogen atoms represented. 












Fig. 2.  View of a three-dimensional framework of [Zn3(bpda)3]n in 1 
 
Fig. 3.  View of a one-dimensional chain of [Zn3(CO2)6(bpy)]n in 1 
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Fig. 4.  Simplified schematic representation of the three-dimensional framework for 1 
 
3. 2  IR spectra 
The strong absorption bands at 1579 and 1551 
cm–1 can be attributed to νas(COO) antisymmetric 
stretching, and the corresponding symmetric stret- 
ching νs(COO) appears at 1440 and 1398 cm–1. If 
using ∆ to represent the separation between νas(COO) 
and νs(COO), they are 139 and 153 cm–1, respecti- 
vely. The values of ∆ reflect the coordination mode 
of the carboxylate groups, and agree with the crystal 
structure analysis[12, 15]. The lack of characteristic 
vibration of protonated forms of carboxylic groups 
at 1700 cm–1 in this structure indicates the complete 
deprotonation of H2bpda. 
3. 3  Thermal analysis 
Thermal analysis for 1 has been performed in 
nitrogen atmosphere between room temperature and 
760 ˚C. The thermal behavior shows a one-step 
sharp decomposition process. There is no decompo- 
sition up to 350 ˚C, and the significant weight loss 
occurs between 380 and 445 ˚C. Considering the 
formation of stoichiometric amount of ZnCO3, the 
residue of 36.5% (475 ˚C) is in accordance with the 
expected value (35.1%).  
3. 4  Fluorescent property 
To study the fluorescence property of complex 1, 
fluorescent emission spectra of the complex and its 
corresponding ligands have been measured in solid 
state at ambient temperature. Fig. 5 shows a broad 
band with maximum emission at 451 nm when 1 
was irradiated at 346 nm. The emission band was 
possibly attributed to intraligand charge transition 
(LLCT) from bpy. Free bpy exhibits a fluorescent 
emission at 406 nm (λex = 351 nm) and H2pbda at 
424 nm (λex = 344 nm). The electron withdrawing 
effect of N atom in bpy should reduce the energy of 
p*, which makes LLCT of 1 red shift.
 
 
Fig. 5.  Luminescent emission spectra of complex 1 (solid line) in solid state at room temperature, 
  comparing with those of free ligand H2bpda (dashed line) and bpy (dotted line) 
JIANG Y.Q. et al.: A Zinc(II) Coordination Polymer Possessing 
272                              a Linear Trinuclear Building Block [Zn3(CO2)6N2]                          No. 3 
 6
In summary, we successfully synthesized a coor- 
dination polymer [Zn3(bpda)3(bpy)] 1, in which 
three zinc atoms coordinate with six bpda and two 
bpy leading to a new linear trinuclear building block. 
Each bridging ligand bpda is coordinated to four 
zinc atoms exhibiting a new coordination mode. It is 
another evidence for the flexible chemistry of bpda 
ligand. Furthermore, the strong blue emission of 1 
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